Optical emission spectroscopy is used to study the dynamics of the plasma generated by pulsedlaser irradiation of a MgB 2 target, both in vacuum and at different Ar buffer gas pressures. The analysis of the time-resolved emission of selected species shows that the Ar background gas strongly influences the plasma dynamics. Above a fixed pressure, plasma propagation into Ar leads to the formation of blast waves causing both a considerable increase of the fraction of excited Mg atoms and a simultaneous reduction of their kinetic flux energy. These results can be particularly useful for optimizing MgB 2 thin film deposition processes. 6, 7 have been proposed for the growth of superconducting thin films. In the last two reports, a strong effect of the Ar background pressure on plume emission has been observed. In particular, visual inspection of the MgB 2 plasma plume showed that the Ar pressure strongly affected the colour of the plume. This indicates that the laser ablation process can be influenced to a great extent by the ambient Ar atmosphere. Thus, from the prospective of controlling MgB 2 film growth, it is important to know in detail how the background Ar pressure influences plume chemistry and particles flux.
The recent discovery of superconductivity in MgB 2 with a transition temperature of ≈ 39 K has attracted much interest due to its rather simple binary intermetallic character and for its potential for future electronics. 1, 2 Despite the efforts in producing samples in the form of thin films with different deposition techniques, magnesium-diboride thin film deposition has appeared a quite difficult task due to the high volatility of Mg. There have been reports of MgB 2 films prepared by ex situ and post-annealing processes and pulsed laser deposition (PLD). 3, 4 Nevertheless, the in situ deposition process of epitaxial MgB 2 film is preferred for the realization of high-tech applications, such as Josephson junctions and heterostructures. In very recent papers both a multilayer PLD technique, involving interposed MgB 2 and Mg layers in high vacuum condition, 5 and in situ PLD in an Argon pressure 6, 7 have been proposed for the growth of superconducting thin films. In the last two reports, a strong effect of the Ar background pressure on plume emission has been observed. In particular, visual inspection of the MgB 2 plasma plume showed that the Ar pressure strongly affected the colour of the plume. This indicates that the laser ablation process can be influenced to a great extent by the ambient Ar atmosphere. Thus, from the prospective of controlling MgB 2 film growth, it is important to know in detail how the background Ar pressure influences plume chemistry and particles flux.
We report in this letter an optical emission investigation of the plume produced by excimer laser ablation of a MgB 2 target both in vacuum and at different Ar buffer pressures. We have carried out time integrated and time-and space-resolved studies of the strongest emission lines of neutral and ionic excited species of the laser ablated plasma over a broad wavelength range (200-800 nm).
In particular, our analysis has allowed us to relate the change in the plasma emission, above a specific Ar pressure, to the onset of a blast wave in the plume expansion into the buffer gas. This leads to a considerable increase in the plume excitation (and ionization) and to a reduction of the particles kinetic energies, namely, conditions which can be very helpful for MgB 2 thin films deposition by laser ablation. The laser pulse (≈20 ns FWHM) was focused onto the MgB 2 target with a resulting energy fluence of ≈3 J cm -2 . The target was mounted on a rotating holder and placed in a vacuum chamber evacuated to a residual pressure of 10 -6 mbar. During the experiments the chamber was filled with Ar gas whose pressure was varied in the range 10 to collect all the light emitted for a given Ar pressure (typically 20-50 µs). In these measurements the monochromator, coupled to the ICCD camera, was equipped with a 100 grooves/mm grating, in order to register simultaneously all the emission lines in the broadest possible wavelength range.
The 1200 grooves/mm grating was then used to obtain a more reliable identification of the most significant lines in the investigated spectral range. The identification of Mg and B lines was accomplished by standard data available in the literature. 8 The broad peak in the UV (around 285 nm) in The presence of Ar leads to a variation in the plume colour and shape, as reported in refs. 6 and 7 ; in particular, in our experimental conditions, a green plume was produced close to the target for an Ar pressure up to ≈7×10 -2 mbar. By increasing the background gas pressure above this value a long and bright sky blue plasma plume was observed, the plume resulting more confined for larger pressures (up to 1 mbar). Then, the difference in the plume emission observed at different Ar background pressures can be totally ascribed to the excitation and ionisation dynamics of the different species contributing to the visible plume.
In The interaction of the plume with a background gas is usually modelled as a scattering of ablated species due to elastic collisions with the gas atoms. 9 In this respect, it is worth reporting that at the gas pressures used in this experiment the average value of the mean free path of a Mg atom with kinetic energies of tens of eV in an Ar background scales from ≈ 20 mm at 10 -2 mbar and to ≈2 mm at 10 -1 mbar, respectively, as estimated by using the equations reported by Westwood.
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Thus, several collisions occur between ejected species and buffer gas atoms for distances of different mm from the target at an Ar pressure threshold of ≈10 -1 mbar. Moreover, due to the inverse dependence of the mean free path on the buffer gas pressure, a slowing down effect will occur at larger distances from target for lower Ar buffer pressures. Notwithstanding, simulation on Si (whose mass and radius are close to that of Mg) plume expansion in Ar gas have shown that slowing down and plume splitting occurs after just few collisions at 10 -1 mbar leading to the generation of a blast wave. 9 Our data (see inset of Fig. 3 ) are well described by a blast wave for d>3 mm at an Ar pressure of 2×10 -1 mbar.
Blast waves have been largely considered to describe laser ablated plumes expansion into ambient gas. Recently, a simplified model describing the expansion of the plume into an ambient gas has been reported and compared to experimental data. 11 The model shows that with the formation of a shock wave a redistribution of kinetic and thermal energies occur between the plume and the ambient gas, leading to a significant transformation of plume stream velocity into thermal energy.
To support this interpretation, the Boltzmann plot method was used to evaluate the temperature of Mg I and to relate this to the electron temperature. A typical Boltzmann plot obtained at a pressure of 2×10 -2 is reported in the inset of Fig. 4 which shows the dependence of the mean electron temperature T e on the Ar buffer pressure p again at the representative value d=5 mm.
The data clearly show a slight decrease of T e for p<10 -1 mbar followed by a steep increase above 10 -1 mbar, marking a turnover between two different regimes around 7×10 -2 mbar. The minimum of T e can be explained by considering that the plume exchanges energy with the buffer gas through collisions as soon as the mean free path becomes comparable with the distance of the experiment.
Then by increasing the buffer pressure, a larger number of collisions occur, compressing the ambient gas to an extent such that a shock wave develops, and the transformation of plume kinetic energy into thermal energy takes place. Then, the heating of the plume shown in Fig. 4 leads to an enhancement of plume excitation and ionisation at the expense of the particle kinetic energy, as observed above.
In summary, optical emission spectroscopy has allowed us to observe that when a laser ablated MgB 2 plume expands in an Ar environment, the fraction of excited Mg atoms is increased while their flux velocity is reduced above a threshold pressure of 10 -1 mbar at few mm from the target surface. This is due to the formation of a blast wave at a distance from the target surface of the order of few mean free paths for a given Ar pressure. Since the excitation state and the kinetic energy of an impinging atom greatly influence the process of thin films formation, 12 the mechanism we have observed lends itself as a powerful means for the control of MgB 2 film growth. In fact energetic particles cause resputtering and largely influence the deposit content especially of the most volatile elements, like Mg in MgB 2 . Thus, a decrease in the energy of the impinging species could contribute to the increase of the Mg content in the deposit. Moreover, the arrival of a larger extent of excited species on the growing film produces an increase of the energy released in the impact region, thus enhancing surface atomic mobility and favouring film growth at lower substrate temperatures. Since the mean free path is inversely proportional to the gas pressure, both the steep increase of the excited species and the reduction of particles velocity, will take place at larger distances from target for lower Ar buffer pressures. As a consequence, there is a "best" buffer gas 
